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The Honorable Mike Synar, Chairman

Subcommittee on Environment, Energy,
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Commuittee on Government Operations

House of Representatives

Dear Mr Chairman

In your February 25, 1986, letter, you asked that we synthesize informa-
tion that would answer questions you have concerning hazardous waste
management and disposal The focus of these questions is on whether
the nation has sufficient capacity to manage the volume of hazardous
waste being produced now and projected for the future. In responding to
your request, we have found that we cannot answer these extremely
mmportant questions because of inadequacies 1n the national data base
(see, for example, tables 2 and 3 1n the accompanying briefing report).
Further, we have concluded that these inadequacies severely constrain
the planning and management of future hazardous waste production.

To address your request, we first systematically collected published
studies relevant to the topic. We searched the literature to 1dentify pub-
lished studies that are relevant to the study questions and sought infor-
mation from hazardous-waste experts n the private and pubhic sectors.
We also examined records of congressional hearings on hazardous waste
to determine what, if any, volume or capacity estimates were cited when
key legislative and regulatory actions were taken Next, we analyzed
and compared data across the studies. Consistent with your request, our
analysis focused on studies that contamn estimates of the volume and

treatment, storage, and disposal capacities of hazardous waste at the
national level

After reviewing approximately 90 studies and documents, we found si1g-
nificant data gaps, methodological problems, and other 1ssues that pro-
hibit us from (1) relying upon available information to provide estimates
of the total volume of hazardous waste and (2) determining whether
future treatment, storage, and disposal capacity will be quantitatively
adequate to meet the volume of hazardous waste generated. We con-
clude that a variety of uncertainties complicate answering the questions
you posed. The amount of hazardous waste that will be produced from
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Superfund sites and the effects of the various requirements of the Haz-
ardous and Solid Waste Amendments of 1984 are only two of these
uncertainties

As we agreed with your office, unless you publicly announce the con-
tents of this report earhier, we plan no further distribution of 1t until 30
days from the date of the report At that time, we will send copies to
those who are interested and will make copies available to others upon
request. In addition, 1n accordance with the wishes of the subcommuttee,
we did not ask EPA to comment on a draft of thas report. Copies will be
available to those who request them. For further information, please
contact Carl Wisler on (202) 275-3092

Sincerely yours,

Goon Q-

Eleanor Chelimsky
Darector
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Section 1

Introduction

Over the last decade, there has been growing concern about the volume
of hazardous waste being generated and its adverse effects on pubhc
health and the environment This concern has resulted in the passage of
legislation directed at ensuring the management of hazardous waste
The Environmental Protection Agency (EPA) has primary responsibility
for implementing programs authorized by this legislation. As an integral
part of the national program to manage hazardous waste, many studies
have been conducted to develop important relevant information. It 1s
important that such basic information as the amount and type of haz-
ardous waste generated, where 1t 1s generated, and how 1t 1s treated,
stored, or disposed of be adequate and available to the Congress in order
that meaningful national policy can be formulated on a major national
1Ssue.

Hazardous waste, 1f not praoperly managed, may lead to insults to the

Background public health and the environment and, eventually, the need for costly
cleanup measures To ensure appropriate hazardous waste management,
the Congress mandated a hazardous waste regulatory program under
the Resource Conservation and Recovery Act of 1976 (commonly called
“RCRA”) The act established guidelines for the management of haz-
ardous waste from 1its initial generation to final disposal In imple-
menting this and subsequent legislation, ErPa developed a general
definition of hazardous waste that includes substances that are 1gnit-
able, corrosive, reactive, or toxic EPA presently lists over 400 specific
substances as hazardous

The Congress also enacted the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (widely known as
“Superfund”) to address the problem of abandoned hazardous waste
sites This act specifically requires the cleanup of hazardous waste that
was generated 1n the past and has been abandoned or left uncontrolled
Over the last few years, the number of sites 1dentified as requiring
cleanup has increased, although the total that will eventually have to be
cleaned up and the amount of hazardous waste requiring disposal from
them are uncertamn

The 1976 and 1980 acts in themselves did not stimulate efforts by gen-
erators of waste to engage 1n waste-reduction activities or to reduce
their dependence on potentially ineffective land-disposal practices Simi-
larly, EPA regulations promulgated in 1980 did not discourage ineffective
land-disposal practices In response to this concern, the Congress passed
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Section 1
Introduction

Current Concerns

major revisions to the 1980 act in 1984, calling the revisions the Haz-
ardous and Sohd Waste Amendments Act. The amendments were
designed to modify previcus exemptions for firms that produce small
quantities of hazardous waste, to promote more widespread recycling of
hazardous waste, and to reduce unsound land-disposal practices

EPA 18 responsible for implementing all three acts Under the 1976 act
and the 1986 amendments, EPA 1s responsible for (1) estabhshing haz-
ardous waste programs n each state; (2) developing regulations for the
management of hazardous waste, including 1ts generation and disposal;
and (3) reporting biennially to the Congress on the status of the nation’s
hazardous waste program, including the number of generators of haz-
ardous waste. Under the 1980 act, EPA’s efforts are directed toward
1dentifying and cleaning up abandoned hazardous waste sites

Increased national concerns about health and safety have resulted in the
need for comprehensive information describing the nature and extent of
the problem of hazardous waste The concerns being raised include
those relating to the amount of hazardous waste being generated, the
present and future quantitative adequacy of treatment, storage, and dis-
posal capacities; the effect that increasing amounts of Superfund wastes
will have on available treatment, storage, and disposal capacities, and
the effect of recent legislation on future generation and capacity. Some
of these 1ssues have already been studied but questions remain. Prior to
1980, only a few, Iimited studies developed estimates of the amount of
hazardous waste generated nationally More recently, the number of
studies has increased, but most of them provided estimates for only a
sector, such as a hmited geographic area or a particular waste type. A
few studies have provided estimates for the total amount of hazardous
waste produced nationally since the passage of the Resource Conserva-
tion and Recovery Act

In response to the growing concerns about the hazardous waste issue,
the Honorable Mike Synar, Chaitrman of the Subcommittee on Environ-
ment, Energy, and Natural Resources of the Committee on Government
Operations, asked us to address the 1ssue of whether future treatment,
storage, and disposal capacities will be quantitatively adequate to
manage the volume of wastes being generated To address this question,
more detailed questions had to be answered. We present these questions
and our evaluation approach in the section below
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Section 2

Objectives, Scope, and Methodology

In his February 25, 1986, letter (reprinted here in appendix 1), Chairman
Synar expressed concern about whether the nation has adequate treat-
ment, storage, and disposal capacities to deal with the increasing volume
of hazardous waste being produced. He asked us to synthesize existing
information concerning the volume of hazardous waste being generated
and treated, stored, and disposed of The synthesis was also to identify
major methodological problems that may lead to misestimates of either
volume or capacity. Specifically, the chairman asked us to answer the
following four evaluation questions !

1 What are the amount, location, and source of known and expected
hazardous waste?

2 What are current treatment, storage, and disposal capacities and
what 1s projected for the future to manage and dispose of hazardous
waste?

3 How have estimates of volume and capacity changed since the enact-
ment of the Resource Conservation and Recovery Act in October 19767

4 What uncertainties and data gaps obscure the answers to the fore-
going questions and what methodological problems should be addressed
In order to provide better mformation?

The objectives of our study were to 1dentify and analyze existing infor-
mation from studies and other documents and, if possible, to synthesize
this information into meaningful answers to the evaluation questions

We established the scope of our study to reflect both the type of infor-
mation requested and the time in which the information had to be
obtamed. Recognizing that hazardous waste is controlled under various
federal and state programs, we did not attempt to limit our umverse of
studies and documents to only one specific definition of hazardous
waste Rather, we considered studies on all types of hazardous waste,
ncluding waste from Superfund sites.

We focused on reports and documents that contained information on
national estimates of the volume and capacity of hazardous waste We
1dentified two groups' national and national-sectoral studies. The first
provided estimates on total hazardous waste generated or processed

'These questiens have been revised shghtly from those of the onginal congressional request The
revisions were made for clarty
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Section 2
Objectives, Scope, and Methodology

nationally The second furmished national estimates for a §pec1-fi'c source
or type of hazardous waste or prosnded information for a specific geo-
graphic area

As mentioned earlier, the methodology for the evaluation was the 1pfor-
mation synthesis. An information synthesis includes two major activi-
ties: 1dentifying the major information references that provide the base
for the synthesis and reviewing the references m order to acquire infor-
mation that will answer the study questions and 1dentify methodological
problems within the information base

Our first step was to 1dentify and collect. all pertinent studies and docu-
ments within the scope of our study We identified references on esti-
mates of volume and management cap:city from literature searches of
standard computerized bibliographic f iles and specialized technical hiter-
ature files. We reviewed the legislative histories and searched special-
1zed files to identify references to cong;ressional hearings, records, and
testimony We identified additional ref'erences by reviewing bibliogra-
phies of’ our previous reports on hazar dous waste and a Congressional
Research Service information package: on the topic. Once we identified
an it1al list of references, we obtaine'd the studies and docyments and
reviewed their bibliographies for additional references, which we glso
obtained.

To ensure that we had 1dentified the niajor studies ang documents, we
contacted program officials at the Environmental Progecy10n Agency,
the Congressional Research Service, th e Office of Technolo,2y Assess-
ment (0Ta), the Congressional Budget ()ffice (CBO), and the Nztional
Academy of Sciences (NAS) as well as ¢ ither experts, hazardous»-waste
consultants, and a representative of a hazardous waste treatment trade
association, We asked them to verify cur list We also contacted anu
obtained additional information from: "various state officials In all, we
obtained and reviewed approximately” 90 studies and documents, listed
in the bibliography

As we reviewed these studies and docu'ments, we were impressed with
the vastly different defiritions of hazar dous waste being used and the
overall lack of precision of data suppor ting the estimates. A number of
the authors had cautioned that because: of various limitations, their esti-
mates could not be directly compared vvith estimates from other studies.
They had also noted data gaps, prablerns in measurement, and other
sources of error Discussions with experts remnforced our conclusion that
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Section 2
Objectives, Scope, and Methodology

the information could not be synthesized into meaningful national
estimates.

Recognmizing the inadequacy of the information base for an information
synthesis, we documented 1ts condition as we reviewed the studies and
documents. We did, however, conduct two principal parts of an informa-
tion synthesis, identifying the universe of relevant studies and con-
ducting a methodological evaluation To ensure consistent
documentation, we developed and used a standardized format to extract
information from the references Data elements included the scope of a
study; 1ts definition of waste and estimates, methodology, and data
g£aps; and uncertainties noted by the authors

Our analysis, as documented within this briefing report, 1s a comparison
and contrast of the major national studies The sequence of the
remaning sections 1n this report follows the order of the evaluation
questions and provides mmformation on our findings on each one The
final section contains our conclusions.

In accordance with the wishes of the chairman’s office, we did not ask
EPA to comment on a draft of this report
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Known and Expected Hazardous Waste

A number of studies have developed estimates of the amount of haz-
ardous waste produced nationallv sinee the enactment of the Resource

[4 2R U LELE by GV pMRURAULTAL IGLAVRIALL)Y 310 LT R A1 Y LW | LAl AV AL

Conservation and Recovery Act in 1976 However, the published esti-
mates vary significantly (from 9 to 266 million metric tons), and the
most current data are inconsistent from one study to the next for spe-
cific time periods To illustrate this, we have provided the national esti-
mates from four studies for 1981 through 1984 1n table 1

Table 1: National Hazardous Waste
Studies With Similar Estimates 1981-84

Year of Point Interval

Source __ measurement estimate® ‘estimate® Approach

Chemucal 1984 247 Not Survey of association

Manufacturers estimated members

Association® o ) i ) L

CBOe 1983 266 223308 Mod: Modellng estimate
developed from
disaggregated

) B mdustry data -

EPA-Westat® 1981 264 135—4024 Statistical sar sample of
generators and
treatment, storage,
and d1sposal | facilities

OTAf 1981 Not avaiable 255758 Comp|lat|on of data

reported from states

amllion metric tons

Chemical Manufacturers Association and Enginsenng Science, Inc Results of the 1984 CMA Haz-
ardous Waste Survey (Austin Texas January 1986)

“Congressicnal Budget Office Hazardous Waste Management Recent Changes and Policy Alternatives
(Washington, D C  May 1985)

dConfidence interval

“J S Environmental Protection Agency, National Survey of Hazardous Waste Generators and Treatment
Storage and Disposal Facilities Regulated Under RCRA in 1981 {Washington, D C Apnil 1984)

'Dffice of Technology Assessment, Technologies and Management Strategies for Hazardous Waste
Control (Washington D C March 1983)

9An upper and lower range

The point estimates in three of these studies are quite close together,
and the mean of the three estimates 1s about 260 million metric tons But
the coincidence of the point estimates may be misleading Indeed, we
noted a number of disparities and limitations associated with the meth-
odologies that belie the similarity of these estimates

The point estimate prepared by the Chemical Manufacturers Associa-
tion, 247 milhon metric tons for 1984, 1s seemungly close to the other
point estimates, but 1t represents only a portion of the total chemical
mndustry Further, the chemical industry 1s only a subsector of the total
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Known and Expected Hazardous Waste

hazardous waste generation sector (estimates we reviewed of the chem-
ical industry’s contribution to total waste volume ranged from 48 per-
cent to 68 percent) Consequently, we conclude that the estimate from
the Chemical Manufacturers Association accounts for only part of the
hazardous waste generated each year and that an extrapolated estimate
for the remainder of the chemical industry and for the nation could be
signmificantly greater

The second point estimate, prepared for EpA by Westat 1n 1981, 1s 264
million metric tons The range provided in the study, 135 to 402 milhon
metric tons, 18 a statistical confidence mnterval, and the anuthors stated
that they are 95-percent confident that the true 1981 hazardous waste
production level falls within this interval

However, this confidence mterval 1s so very wide (267 million metric
tons, which 1s equal to a range of about plus or minus 50 percent), that
the credibility of the estimate 1s limited In searching for an explanation
of this considerable imprecision, we found that the study focused on
waste generators and treatment, storage, and disposal facilities regu-
lated under RCRA, the 1976 act The sampling scheme was designed to
provide accurate data on the characteristics of the technology of the
facilities rather than to measure the amount of hazardous waste gener-
ated The populations of generators and facilities regulated under the
act were found to be hughly skewed in terms of size—so skewed, n fact,
that nearly all the totals of the hazardous waste generated and managed
were accounted for by very small proportions of their respective popu-
lations Inadvertently. the sample was not designed for a skewed popu-
lation, and thus resulted 1n estimates contaiming the high degree of
sampling error that we have noted

The third point estimate, prepared by the Congressional Budget Office,
1s stmilar to that prepared by Westat for EPA (a pomnt estimate of 266
million metric tons, for 1983) The confidence interval around the cBO
point estimate s from 223 to 308 million metric tons, with a statistical
confidence level of 35 percent. In this case, the confidence mterval 1s
plus or minus 16 percent, much smaller than that of the Westat study
This estimate 1s the product of a national hazardous-waste generation
model developed by CBO under two theoretical assumptions (1) specific
industries generate characteristic wastes at measurable rates and (2) the
overall quantity of waste produced 1s a function of industral output (as

measured by production employment), process technology, and produc-
tion efficlency
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The CBO model used employment data as a key variable to produce the
hazardous waste estimates But other studies have suggested that using
employment data produces estimates that substantially disagree with
actual waste generation data obtained from surveys of generators
Therefore, using employment data as an independent variable in
deriving estimates of hazardous waste 15 questionable

The Office of Technology Assessment study took a different approach
for developing 1ts range estimate, in that 1t did not generate a point esti-
mate but asked the Association of State and Territorial Solid Waste
Management Officials to collect data from a survey. The results indicated
that approximately 250 million metric tons of hazardous waste were
being produced annually by 40 states, Guam, and Puerto Rico, with an
estimated additional 5 to 25 million metric tons of waste being produced
annually by the nonresponding states and territories. This worked out to
a volume estimate of between 255 million and 275 million metric tons
The states’ waste generation data were derived from a number of dif-
ferent approaches' 19 states appear to have used state inventories, 5
states appear to have used data on manifested hazardous waste, thus
underestimating waste generation, unless the analysis included extrapo-
lation to account for waste managed on-site, and data from the
remaimng responses were derived through the use of EPaA notifications
and estimates of waste generated by industrial sectors receiving the
notifications Only 9 states, plus Guam, Puerto Rico, and Washington,
D.C., used a definition of hazardous waste consistent with that used by
EPA at the time Because of these within-study differences 1in definition
and measurement, the accuracy of 0TA’s estimate, like that of the other
studies, gives reason for some concern.

Comparing the definitions of hazardous waste used by the Westat, CBo,

and oTA studies, we found them dissimilar The Westat study estimated
the quantities of hazardous waste that were generated in 1981 and sub-
Ject to control under the regulations for the 1976 act. However, two cat-

egories of waste were not included in the study’s defimtion of hazardous
waste

1 wastes that had been exempted or excluded from regulation as haz-
ardous waste (such as those generated in conjunction with ore and min-
erals extraction and smelting preparation) and

2 hazardous wastes that were regulated under the 1976 act and gener-

ated i 1981 but that were not, at any point in the management process,
treated, stored, or disposed of 1n processes subject to regulation under

Page 14 GAO/PEMD-87-11BR Hazardous Waste Uncertainties of Existing Data



Section 3
Known and Expected Hazardous Waste

the act (such as hazardous wastes treated exclusively in wastewater-
treatment tanks covered under the National Pollutant Discharge Elimi-
nation System)

The cBO study used a broader defimtion of hazardous waste than that
established by EPA under the Resource Conservation and Recovery Act
of 1976 It included wastes not regulated under this act, such as waste
ols, industrial chemicals such as polychlorinated biphenyls (PCBs),
industral-scrubber sludges, air-pollution-control dusts, and certain
liquid hazardous-waste streams

Since the OTA study was a survey of states, 1ts estimate 15 based not only
upon the federal regulatory definition but also upon the state definitions.
The states sometimes defined hazardous waste differently and more
broadly than the federal government, including many different types of
unregulated waste such as additional chemical compounds, wastes from
small-quantity generators, exempted wastes, and various solid wastes
The states’ definitions varied from one state to another. Consequently,
the basis for the 0TA estimate is quite different from that in each of the
two other studies

All these differences signify that the estimates in the four studies must
be considered separately Although the four current, national estimates
did reach similar numerical estimates of hazardous waste, 1t should not
be assumed that they reinforce one another, given their differing quali-
tative bases, statistical precision, and approaches to definition and mea-
surcment These factors indicate that a broad methodological evaluation
ot how best to estimate national hazardous waste volume 1s necessary
We are currently planning such an evaluation

In addition to the four major studies we have just discussed, national-
sectoral studies provide data and information about hazardous waste
that 1s more narrowly scoped We reviewed these studies to determine
whether their information can be synthesized to provide national esti-
mates (Given various technical, methodological, and other factors (to be
discussed later), we belhieve 1t 1s not possible to synthesize national-

sectoral studies 1n a way that can provide accurate and reliable national
estimates

Very little information 1s available that can be used to make accurate
estimates of the volume of hazardous waste generated by location. A
state-by-state comparison of the data given in the cBo and oTa studies 18
provided in table 2, and 1t 1s important to note that the state estimates
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Table 2: Two Studies’ Estimates of
Hazardous Waste Volume by State in
Metric Tons

State 1981 OTA® 1983 CBO®
Alabama - 263,'6—80 ) ”76347,7060
Alaska o S 360 52,000
Arnzona 4,280.—00707 642,000
Arkansas o Nodata 3,729,000
CalWforna 15,000,000  17.284,000
Colorado - - 77?775?7496“_@7_000
Connecticut i 102,000 4,238,000
Delaware - i 272 ,dDO 7@4?(7)00
Flonda ) - No data 2,981,000
Georgia - N 38,500,800 3,338,000
Hawan - - No data 202,000
ldaho ) ) Nodata 1 ,160:0@6
lhnots o - i:810,‘000ﬂ 77171,78170,7060
(ndhana o 94,900,000 10,189,000
lowa " Nodata 1,774,000
Kansas 45,300 2,564,000
Kentucky - . 415000 4,647,000
Louwsana - 7777@07,0607 a 13,801,000
Maine ) 5,290 337,000
Maryland - 272100 2,989,000
Massachusetts B 172,000 4,536,000
Michigan o T 408000 12,399,000
Minnesota o 181,000 2,212,000
Mississippl - ) TT1,810,000 1,816,000
Missour! T 658,930 6,046,000
Montana o 91,200 662,000
Nebraska ) B 1250000 739,000
Nevada S . - - 7777N0 data i 3?9,000
New Hampshire - ) 9,980 431,000

are very disparate This 18 not surprising, given the basic differences
already explained, but we have not yet had the opportumty to deter-
mine precisely how much of the disparity 1s attributable to defini-
tions, methodology, or other features of the studies It 1s clear that
the disparities in the estimates preclude any conclusive statements
about how much waste 1s being generated within each state
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State 1981 OTA® 1983 CBO®
New Jersey 855,000 12,948,000
New Mexico " Nodata 619,000
New York - 1,270 000 9,876,000
North Carolina - ) Nodata  3.954,000
North Dakota ' - {25000 269,000
Oho - 3260000  19692,000
Oklahoma T - 3570000  2.673,000
Oregon S 19100 969,000
Pennsylvania - o ) 3628000 18,260,000
Rhode Island o o o 1600 1,745,000
South Carolina - 1587000 3,669,000
South Dakota 7 7777590 159,000
Tennessee o o 4300000 12.158,000
Texas o o 29146960 34 866 000
Utah - o o 558,000 1 139000
Vermont - - 9070 226000
Virginia o - 181000 4,038 000
Washington T C 616000 5,523,000
West VI@_I'NE; - - N No data 75.642,0@
Wisconsin T TTTRie00 3.297 000
Wyoming S o - Nodata  572.000
Other o - 7 5—25 million® ) e
Total o )  255-75 million 265,595,000

“Office of Technology Assessment Technologies and Management Strategies for Hazardous Waste
Control (Washinglon, D C  March 1983}

MCongressional Budget Office Hazardous Waste Management Recent Changes and Policy Aiternatives
(Washington DC May 1985)

“The actual national estimate was 250 million metric tons but this did not include 10 states OTA est
mated thal including them would result in an estimate of 255-75 million metric tons

Other studies have attempted to provide estimates at various geo-
graphic levels For example, studies were prepared for New England by
Arthur D Little and the New England Congressional Institute. and other
data exist at the state level as well Information for selected states 15
presented n table 3 to lustrate this The variance between the studies’
estimates for the states 1s considerable We conclude that the studies
that we reviewed do not provide consistent information concerning the
volume of hazardous waste generated by location The wide disparity in
estimates indicates the need for a methodological evaluation of why the
estimates are so different and how to correct the problem We are cur-
rently planning to conduct such an evaluation
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|
Table 3: Five Studies’ Estimates of Hazardous Waste Volume in Selected States for 1980-83 in Metric Tons

State Arthur D. Little® cBoO® Gould® New England? OTA® Other
California . 17284000 4501642  « 15000000 1,179,100
Connecticut 127,207 4,238,000 1808437 193725 102,000 .
linois « 14810000 5149737 « 1,810,000 2,503,320
Mane 8,118 337,000 180,463 10,211 5290 .
Massachusetts 1%? - E,ﬁ.O—O‘O a 1,85?,208 o 111,017 o 172,070@77777 7 .
New Hampshire 15,646 431,000 184543 12410 -~ 9980 .
Oklahoma T . 2673000 634,246 . 3,570,000 T .
Rhode Island 34,421 1,745,000 524,369 3,089 1,600 T
Tennessee . 12,159,000 2588475 . 4300000 644,877
Texas . 34,866,000 6,337,588 . 29146960 57,125,071
Vermont 8,163 226,000 100210 7425 9070 .

aArthur D Little, "Hazardous Waste Generation in New England,” prepared for The New England
Councill, Boston, Mass , 1982, as reported in Michael R Greenberg and Richard F Anderson, Hazardous
Waste Sites The Credibility Gap (New Brunswick, N.J The Center for Policy Research, 1984), p 23

bCongressional Budget Office, Hazardous Waste Management Recent Changes and Policy Aliernatives
{(Washington, DC  May 1985)

¢Jay M Gould, Qualty of Life n American Neighborhoods Levels of Affluence, Toxic Waste, and Cancer
Mortality in Residential Zip Code Areas {Boulder, Colo  Westview Press, Inc , 1986)

9New England Cangressional Institute, Hazardous Waste Generation and Management in New England
(Washington, D C  February 1986)

EOffice of Technology Assessment, Technologies and Management Strategies for Hazardous Waste
Control (Washington, D C  March 1983)

National information characterizing the amount or volume of hazardous
waste attributable to specific sources 15 similarly disparate. Two studies
that attempted to delineate the contribution of different sources have
been cited already, the CBO and Westat studies. In these, however, the
estimated contribution of various sources varies widely The CBO study,
for example, reported the contribution of the chemical industry at 48
percent of the total hazardous waste volume produced The Westat
study estimated the contribution of the same industry to be 68 percent
The incremental difference between these two estimates can result in an
estimated difference of millions of metric tons of hazardous waste,
depending on the base being used. In the CBO study, the generation of
waste attributed to the chemical industry 1s approximately 127 million
metric tons, 1n the Westat study, 1t is approximately 180 million metric
tons. Contrasting these estimates with that of the Chemical Manufac-
turers Association for 1984—247 million metric tons for only a partial
sector of the total chemical industry—shows a significant variation. We
found that estimates of the amount of waste contributed by different
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sources vary so much that any conclusions about the relative contribu-
tion of different sources of hazardous waste should be highly quahfied

We were also asked to look at what 1s known about future estimates of
the volume of hazardous waste We found only one study that provided
future estimates, the 1983 cBo study, which furnishes an estimate of
229 to 280 million metric tons in 1990 However, some methodological
uncertainties must be noted Using the ¢BO model to predict future waste
volume 15 subject to at least two kinds of error, 1dentified by cBo,

First, the model may have underestimated waste generation in future
years because of the use of production employees as a proxy for output
by industry The cBo study used projections of employment growth by
mdustry, obtained from the Bureau of Labor Statistics, because they
were the only consistent set of industry-specific projections available
But the use of employee statistics might understate the estimate, since
growth n labor productivity over time will lead to increased output and,
presumably, more waste per employee

Second, the model’s projections might have overstated the amount of
waste by failling to account for turnover in the facilities, equipment, or
both for industries that generate waste New industral facihities may be
more efficient and produce less waste per worker or per unit of output
Because there 1s no way to know which of these effects might be
greater, uncertainties are assoclated with these estimates B0 did not
discuss other possible kinds of error such as uncertainties from fore-
casting employment growth

Page 19 GAO/PEMD-87-11BR Hazardous Waste Uncertainties of Exasting Data



Section 4

Treatment, Storage, and Disposal Capacities

The information on present and future capacity to treat, store, and dis-
pose of hazardous waste 1s more limited than the information on
volume. We identified three studies that addressed, to some extent,
capacity at the national level, Two studies, conducted for EPA by Booz-
Allen and Hamilton with Putnam, Hayes, and Bartlett (referred to as the
Booz-Allen study) and by Westat, provide such information for 1981
The third study, prepared by ¢Bo, provides information for 1983 and
1990.

The Booz-Allen study 1s imited 1n scope 1n that 1t addressed only off-site
capacity in detail (that 1s, the capacity of the commercial hazardous
waste management industry) This study estimated that in 1981,
approximately 40 mithon metric tons of waste were managed, 31 million
retric tons on-site and 9 million metric tons off-site. In examining off-
site capacity for handling the amount of waste generated 1n that year,
the study concluded that, at the national level, there would be off-site
shortfalls 1n capacity

The Westat study 1s more extensive 1n scope, addressing both on-site
and off-site treatment, storage, and disposal capacities. Westat est1-
mated the volume of waste managed for 1981 to be 265 million metric
tons; approximately 254 million and 11 million metric tons were man-
aged on- and off-site, respectively The study’s conclusions were that 23
percent of total treatment capacity, 64 percent of total storage capacity,
and 36 percent of total disposal capacity were used 1n 1981 The preci-
sion of the volume estimate in the Westat study was not very high (plus
or minus 50 percent). The estimate for the amount of hazardous waste
being managed was similarly imprecise (plus or minus 49 percent) In
both, the imprecision was at least partly a consequence of the highly
skewed population being sampled

Although the Booz-Allen and Westat studies provided estimates for the
same year, thetr estimates for total waste volume managed and the pro-
portion of waste processed off-site are quite different In addition, their
methodological approaches were different The Booz-Allen study was
designed to summarize existing hazardous waste generation data and to
undertake a survey of commercial hazardous waste management facili-
ties. Booz-Allen used data bases from earlier industrial studies Conse-
quently, all varations and limitations in definitrons and methodologies
from these studies were incorporated. In addition, the data did not
reflect consistent time periods or whole industry sectors. To compensate
for these discrepancies, statistical adjustments were made Finally, the
Booz-Allen study (which looked only at off-site capacity) estimated that
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23 percent of waste was processed off-site, while Westat (which
addressed both off-site and on-site capacity) estimated this figure to be
4 percent.

The ¢BO study discussed earhier also provided some information on
capacity However, the information 1s hmited, because it addressed only
how the amount of waste being generated 1s managed by the treatment,
storage, and disposal facilities, not whether there will be excess current
or future capacity The study assumed that adequate treatment, storage,
and disposal capacities would be available to meet the requirements in
1983 The cRO's only position on future capacity concerned off-site
capacity, the study noted that unless new off-site facilities are built by
1990, the demand could easily overwhelm capacity

In summary, we found very httle information on current and future
national capacity The one study that comprehensively addressed
¢apacity (Westat for EPA) appears to have an important methodological
hmitation with regard to the degree of sampling error EPA has recently
acknowledged a data gap 1n estimates of waste treatment, storage, and
disposal capacities As a result, the agency 1s currently conducting a
census of treatment, storage, and disposal facilities to obtain national
data on existing capacity
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Estimates of Volume and Capacity Since 1976

Our third question required us to 1dentify estimates of changes in
volume and capacity over time and to determine the estimates that were
cited when key legislative and regulatory actions were taken The
changes 1n national estimates of volume since 1973 can be seen 1n table
4 The problem with giving much attention to changes over time is that
mdividual estimates may be accounted for as much by differences in
scope, definition, and methodology as by true changes. The point esti-
mates reported range from 9 million to 266 millon metric tons over 15
years The point estimates for 1981 alone range from 43 to 264 million
metric tons, a factor of more than 6. For the period 1981 through 1984,
the estimates appear to be coming closer together, but for the reasons
we have given earler, this closeness 1s not necessarily an indicator of
accuracy

To determine the estimates that were cited when key legislative and reg-
ulatory actions were taken, we focused on hearings, records, and testi-
mony related to four events:

+ the enactment of the Resource Conservation and Recovery Act in 1976,

+ the mplementation of this act’s notification requirements in 1980,

» the passage of the Hazardous and Solid Waste Amendments Act in 1984,
and

» the implementation in 1985 of the certification requirements under the
Resource Conservation and Recovery Act

We found that EPA did not generate estimates specifically for these
events Rather, data on hazardous waste volume—that 1s, estimates that
were prepared over a 12-year period—were used 1n association with
these events. With regard to capacity, we found no estimates what-
ever—extant or otherwise—in our review of the legislative history.
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Table 4: Estimates of Hazardous Waste
Volume in 1973-86 in Milhon Metric
Tons

Year
Year of estimated Waste
publication for Study - volume?
1973 T 4970 EPR®E 9
1977 “974 EPAC 2
1980 1980  EPAd - 54
1980 "7 i980  BoozAllene 41
1980 1981  BoozAlen® 43
1983 1981 Prelminary EPAWestat! 150
1983 1981 OTAS 28575
1984 1981 EPA-Westal 264
1985 1983  CBO" - 266
1986 1984  Chemical Manufacturers Association' Y
1986 1980  Gould¥ 91

aMost studies reported volume as milion metnc tons For studies reporting volume in different units, we
converted to metric tons

bU S Environmental Protection Agency, Report to Congress Disposal of Hazardous Wastes (Wash-
ington, D C  1974)

CEPA as reported in Michael R Greenberg and Richard F Andersan, Hazardous Waste Sites The Credi-
bility Gap (New Brunswick, N J Center for Policy Research, 1984) pp 59

9J 5 Enwronmental Protection Agency. Hazardous Waste Management System Identification and
Listing of Hazardous Wastes," 45 Fed Reg 33084 (May 19, 1980)

®Booz, Allen and Hamiiton, Inc , and Putnam Hayes, and Bartlett, Inc , Hazardous Waste Generation

and Commercial Hazardous Waste Management Capacity An Assessment (Bethesda, Md November
1980)

'U'S Environmental Protection Agency National Survey of Hazardous Waste Generators and Treatment,
Storage and Dispesal Facilities Regulated Under RCRA in 1981 (Washington D C Apri 1984)

S0ffice of Technology Assessment, Technologies and Management Strategies for Hazardous Waste
Control (Washington, D C  March 1983)

"Congressional Budget Office, Hazardous Waste Management Recent Changes and Policy Alternatives
(Washington D C May 1985)

'Chemical Manufacturers Asscciation and Engineering-Science, Inc  Results of the 1984 CMA Haz
ardous Waste Survey (Austin, Texas January 1986)

This amount 1s for a subset of the chemical industry

KJay M Gould, Quality of Life 1n Amernican Neighborhoods Levels of Affluence, Toxic Waste, and Cancer
Mortality in Residential Zyp Code Areas (Boulder Colo Westview Press, Inc , 1986)
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EPA estimated 1n a 1973 report to the Congress that 9 million metric tons
of nonradioactive hazardous waste were generated by industrial sources
nationally 1n 1970 EPa cited and used this estimate in hearings related
to the enactment of RCRA in 1976 and later 1 appropriations hearmngs
During the June 29, 1976, hearings on the enabling legislation, EpA pro-
vided a range of volume estimates of 27 5 million to 41 25 milhon metric
tons. During the 1980 implementation of the notification requirements,
EPa did not develop or cite specific estimates of volume or capacity and
did not report estimates using data generated by the notification pro-
cess. During congressional hearings prior to the enactment of the 1984
Hazardous and Solid Waste Amendments, oTA cited an EPA estimate of
150 mullion metric tons, which was a volume estimate made for 1981
For the appropriations hearings after the 1984 amendments, £rPA did not
provide an estimate of hazardous waste volume or capacity Finally, £paA
did not report estimates 1n conjunction with the 1985 implementation of
the certification process

The fact that no estimates of capacity were developed with regard to
these major events 15 symptomatic of the problem presented earher
there 1s a gap in the data on the national capacity to treat, store, and
dispose of hazardous waste
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Uncertainties, Data Gaps, and Methodological

Problems

Variation in the Scope
of Estimares

Our work uncovered a number of serious problems in and across the
mformation available about hazardous waste We 1dentified some of the
major methodological problems that will have to be addressed 1f
stronger information 1s to be developed In our review of the existing
studies of the volume of hazardous waste and the national capacity for
managing 1t, several important categories of problem stand out

1 variation in the scope of estimates;
2 varnation in the definmition of hazardous waste,

3 vanation in measures for estimating the amount of waste generated
or the capacity for storage, treatment, or disposal, and

4 sampling and response error

Some of the studies we reviewed focused on a particular waste stream
or contaminant (for example, solvent wastes) or a specific management
approach (for example, incineration or land fills) or a particular indus-
trial or source sector (for example, the petrochemical industry ) or some
geographic unit (for example, New England) (1ven the many possible
variations along these dimensions, 1t 15 virtually impossible to use a col-
lection of such studies to derive accurate national estimates by aggre-
gating across the studies There are too many missing classes of
information, on the one hand, and too much double-counting, on the
other

We illustrate this point with two studies One focused on hazardous-
waste solvents affected by tand-disposal restrictions as well as solvent
waste generated by small generators of waste now covered by the 1984
amendments The scope of this study did not include solvent wastes dis-
posed of in salt dome formations, salt bed formations, and underground
mines and caves The other study focused exclusively on waste pro-
duced by 48 small-quantity generators

A number of questions would have to be answered before the data con-
tained in these two studies could be synthesized For example, do the
data on the 48 small-quantity generators include or exclude solvent
wastes? Did both studies address only the small-quantity generators
covered by the 1984 amendments? Often, because of limitations in how
studies’ universes are described, 1t 15 very difficult, if not impossible, to
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Variation in the
Definition of
Hazardous Waste

Variation in Measures
for Estimating Volume
and Capacity

Sampling and Response
Errors

answer the basic questions necessary for combining information across
studies

When the purpose of making volume and capacity estimates is for local
or regional planning, or when the planning 1s limited along some other
dimension such as the type of waste, the restricted scope of the avail-
able studies may not be a imuting factor But when national estimates
are needed for policymaking, we believe they cannot be obtained by
combinung multiple studies himited 1n scope.

In our review, we found that many different definitions of hazardous
waste were used across studies and, 1n some, definitions varied within a
study We believe that these differences account for some of the uncer-
tainty 1n the estimates of volume and capacity

We have not yet formed a judgment about the net effect on estimates of
the vanation in definitions, but our work confirms the conclusion the
Office of Technology Assessment reached in 1983. inadequate data,
including the problem of differing definitions, conceal the scope and
intensity of the national hazardous waste problem and hinder the effec-
tive implementation of government programs

The volume of hazardous waste and the capacity for dealing with 1t are
described In various ways within and across studies, ranging from
common measures such as tons, gallons, or cubic yards to more 1l1-
defined indicators such as ponds or sites. Even when estimates are given
in terms of standard measures such as gallons, there may be ambiguity
because the concentration or form of hazardous material (for example,
hiquid or sohd) may vary or not be known For example, 100 gallons of
liquid may be contaminated in a concentration of 1,000 parts per million
or 10 parts per million This difference may be mmportant in terms of
whether an appropriate technology 1s available to adequately manage
the waste in the concentration in which it exists Currently available
estimates of the amount of hazardous waste frequently do not account
for variations in concentration and form

Although estimates of volume and capacity can be made in different
ways, an empirically based estimate ultimately depends upon acquiring
information with appropriately designed methods. Our review of studies
identified two kinds of problem. sampling errors and response errors.
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Problems

Neither 1s irremediable or intractable. Both can be greatly reduced, 1f
not ehminated, through careful planning and skilled instrumentation

There are thousands of waste generators and also thousands of facilities
for treating, storing, and disposing of waste As a practical and economic
matter, 1t 1s difficult to acquire detailed information about all these gen-
erators and facilities Thus, how samples are chosen 1s important in
determining the accuracy and precision of the national estimates of
volume and capacity projected from those samples

For example, a large degree of statistical uncertainty accompanied the
1981 Westat estimates of the volume of hazardous waste. There was a
direct hink between the sample chosen and the uncertainty of the
estimates

Response errors are the errors that people make in responding to ques-
tions about volume and capacity. Some of these errors are derived from
the problems of definition and measurement ambiguity referred to ear-
lier That 18, people who provide information may not correctly under-
stand the request for data or may be unable to provide the information
1n the form that 1s asked for Given the large number of substances that
constitute hazardous waste, the many generators and facihities involved,
and the relatively recent attention given to measuring volume and
capacity, we believe that response errors may lead to substantial inaceu-
racy and mmprecision in estimates of volume and capacity Reduction in
response errors will require more precise and uniform definitions of
terms and greater attention to data-collection techniques that minimize
errors
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Conclusions

Will the national treatment, storage, and disposal capacities for haz-
ardous waste be quantitatively sufficient to meet future hazardous
waste management requirements? The published information does not
allow us to determine whether treatment, storage, and disposal capaci-
ties will be quantitatively adequate to meet the hazardous waste volume
that will be produced In addition, several uncertainties—rfor example,
the amount of hazardous waste that will be produced specifically from
Superfund sites, the effect of the proposed ban on the land disposal of
some hazardous wastes, and the requirements of the Hazardous and
Solid Waste Amendments of 1984 for certification for compliance with
groundwater monitoring and financial responsibility—complicate this
question still further

We have concluded that the Congress does not currently have the infor-
mation base that it needs to plan appropriately for the management of
hazardous waste, either now or in the future But before the develop-
ment of such an information base can be ensured, we believe that cer-
tain methodological 1ssues have to be addressed, including the ways in
which hazardous waste 15 defined, estimates are scoped, and studies are
designed For example. design strengths would include using a varety of
approaches in which the weaknesses of some are offset by the strengths
of others and using data-coliection methods that tend to minimize error
We are planning to conduct evaluations in these areas

It 15 true that some regional and state studies of volume exist for certain
geographic areas and source categories However, we believe that these
data cannot be synthesized to provide national estimates because of the
many differences from study to study Consequently, we cannot esti-
mate the amount, location, and source of hazardous waste being pro-
duced, either nationally or at the state level, with confidence Therefore,
the questions we were asked cannot be answered because of either sig-
nificant data gaps or methodological problems or both
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ALBERT G BUSTAMANTE TEXAS

NINETY NINTH CONGRESS WALOMITY-225.8427

Congress of the LAnited States
Rouse of Representatives

ENVIRONMENT, ENERGY, AND NATURAL RESOURCES
SUBCOMMITTEE
OF THE
COMMITTEE ON GOVERNMENT OPERATIONS
RAYBURN HOUSE OFFICE BUILDING ROQM B-37 1-8-C

WASHINGTON, DC 20615
February 25, 1986

l Honorable Charles Bowsher l
Comptraller General
U.S5. General Accounting Office
441 G Street, N.W.
Washington, D.C. 20548

Dear Mr. Bowsher:

The Subcommittee on Environment, Energy and Natural Resources
of the Committee on Government Operations has a long-term interest
1n hazardous waste management and disposal. One of the issues
which concerns us 1s whether the nation has adequate treatment
and disposal capacity to deal with the increasing volume of
hazardous waste belng produced. The 1ssue 1s complicated because
of uncertainty about the soundness of the methodologies used to
estimate both volume of waste and treatment and disposal capacaty.

Based upon recent discussions with staff of the Program l
Evaluation and Methodology Division, I am requesting that GAO
synthesize 1nformation whlich exists concerning the volume of
waste expected in the future and the ability of the nation's
current and planned treatment and disposal capacity to manage the
l expected waste. The synthesis should identify major methodological
problems which may lead to misestimates of either volume or
capacity. The specific questions which we would like to see
answered are:

1. What 1s the amount, location and type of known and
l expected future hazardous waste?

2. What capacity currently exists and is projected for the
future to manage and dispose of hazardous waste?

3. How have estimates of hazardous waste volume and management
capacity c¢hanged since original enactment of the Resource
Congervation and Recovery Act (October, 1976)7

4. What uncertainties and data gaps obscure the answers to
the foregoing guestions and what methodological problems
need to be addressed 1n order to provide better answers?
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Request Letter

Honorable Charles Bowsher
February 25, 1986
Page Two

The Subcommittee may request additional follow-up work based
upon the findings of this synthesis.

I would very much appreclate receiving a briefing report on
the synthesis work by the end of June, 1986. 1In the meantime,
please have the GAO staff assigned to this study confer with the
Subcommittee staff regarding the scope and other details of the
study and provide periodic briefings on its progress. The staff
contact person is Don Gray, the Staff Director, who can be reached
at 225-6427. I appreciate your attention to this request.

Sincerely,
.

MIKE SYNAR

Chairman

MS/dg

Page 33 GAOQO/PEMD-87-11BR Hazardous Waste: Uncertainties of Existing Data



Bibliography

Abt Associates, Inc, National Small Quantity Hazardous Waste Gener-
ator Survey Cambridge, Mass. February 1985

American Institute of Chermical Engineers Technological Needs for
Improved Management of Hazardous Wastes Washington, D C . Feb-
ruary 1986

Battelle. Report on Hazardous Waste Management Needs Assessment to
the Tennessee Valley Authority Columbus, Ohio June 1984.

Booz, Allen and Hamilton, Inc Hazardous Waste Management Capacity
Development in the Delaware River Basin and New Jersey A Program
Strategy Bethesda, Md October 1980

—— Rewview of Activities of Firms in the Commercial Hazardous
Waste Management Industry 1983 Update Bethesda, Md November
1984,

—- Review of Activities of Major Firms in the Commercial Hazardous
Waste Management Industry 1981 Update Bethesda, Md. May 1982

——- Review of Activities of Major Firms in the Commercial Hazardous
Waste Management Industry 1982 Update Bethesda, Md August 1983

———-, and Putnam, Hayes and Bartlett, Inc Hazardous Waste Genera-
tion and Commercial Hazardous Waste Management Capacity An
Assessment. Bethesda, Md November 1980

¢BO (Congressional Budget Office) Empirical Analysis of US Hazardous
Waste Generation, Management, and Regulatory Costs, Staff Working
Paper Washington, D C October 1985

—— Hazardous Waste Management Recent Changes and Policy Alter-
natives Washington. D C May 1985

CDM Capacity and Capabiity of Alternatives to Land Disposal for
Superfund Wastes Waste Type and Quantity Projections Review Draft
Boston, Mass. September 1985

Center for Economics Research Supporting Statement for OMB Review:
Screener Questionnaire for the Survey of Hazardous Waste Management
Facilities. Research Triangle Park, N C. October 1985

Page 34 GAO/PEMD-87-11BR Hazardous Waste Uncertainties of Exisung Data



Bibliography

Chemical Manufacturers Association and Engineering-Science, Inc
Results of the 1984 CMA Hazardous Waste Survey Austin, Texas. Jan-
uary 1986

Congressional Research Service. Hazardous Waste Reduction in
Industry Prehmunary Bibliography, 1980-1985 Washington, D C.. Sep-
tember 1985.

——- Hazardous Wastes, IP0094 Washington, D.C - February 1986

——-, Hazardous Wastes. A Research Road Map Washington, D C .
1985

Denmison, Richard A. Testimony Before the Subcommittee on Oceanog-
raphy, House Committee on Merchant Marine and Fisheries, on the Role
of Ocean Incineration in the Management of Hazardous Wastes Wash-
ington, D.C.: Office of Technology Assessment, December 1985

“Directory of Commercial Hazardous Waste Management Facilities ™
The Hazardous Waste Consultant, 4-2 {March-April 1986), 4-13 - 4-46,

Drayton, William, and Environmental Safety’s Facts Committee
America’s Toxic Protection Gap. The Collapse of Compliance With the
Nation’s Toxics Laws. Washington, D C  Environmental Safety, 1984

Durso-Hughes, Katherine, and James Lewis “Recycling Hazardous
Waste "' Environment, 24:2 (March 1982), 14-41.

EPA (U S Environmental Protection Agency) Assessment of Incineration
as a Treatment Method for Liquid Organmic Hazardous Wastes Back-
ground Report 111 Assessment of the Commercial Hazardous Waste
Incineration Market. Washington, D C. March 1985.

——- Assessment of Incineration as a Treatment Method for Liquud
Organic Hazardous Wastes Summary and Conclusions Washington, D C
March 1985

—-—- Background Document for Solvents to Support 40 CFR Part 268,
Land Disposal Restrictions. Vol. 3. Solvent Waste Volumes and Charac-
tenistics, Required Treatment and Recycling Capacity, and Available
Treatment and Recycling Capacity Washington, D C. January 1986

Page 35 GAOQO/PEMD-87-11BR Hazardous Waste. Uncertainties of Existing Data



Bibliography

EPA (U.S Environmental Protection Agency) ‘“‘Hazardous Waste Genera-
tion Estimates.” Memorandum prepared by E Pappajohn, State Pro-
grams Branch, Washington, D C, October 1982

——- Hazardous Waste Generator Report for 1985 Washington, D.C
November 1985

——- “Hazardous Waste Management System. Identification and
Listing of Hazardous Waste ” 45 Fed Reg 33084 (May 19, 1980).

—-—. “Hazardous Waste Management System Land Disposal Restric-
tions Proposed Rule "’ 51 Fed. Reg. 1602 (January 14, 1986)

——- Hazardous Waste Treatment, Storage and Disposal Facility
Report for 1985. Washington, D C November 1985

——-. Last of rRcrRA Land Disposal Facilities That Have Submitted Certafi-
cations to Retain Interim Status Pursuant to Section 3005(e)(2) of RCRA
Washington, D C January 1986.

—- National Survey of Hazardous Waste Generators and Treatment,
Storage and Disposal Faailities Regulated Under RCRA in 1981 Wash-
mgton, DC Apnl 1984

—-— RCRA Land Disposal Facilities That Have Not Submitted Certifica-
t1ons to Retain Interim Status Pursuant to Section 3005(eX2) of RCRA.
Washington, D C  January 1986.

——- Report to Congress. Iisposal of Hazardous Wastes Washington,
D.C 1974

——- Report to Congress on Injection of Hazardous Waste Washington,
DC May 1985

——- Report to Congress on the ischarge of Hazardous Wastes to Pub-
Iicly Owned Treatment Works Washington, D.C : February 1986.

——-. “Waste Planning Pilot Project ”’ Briefing prepared by Debra
Martin, Office of Policy Analysis, Washington, D.C , December 1985

Feliciano, Donald V The U S. Environmental Protection Agency: An
Analysis of Its Controversies Washington, D C * Congressional Research
Service, June 1983

Page 36 GAO/PEMD-87-11BR Hazardous Waste: Uncertainties of Existing Data



Bibliography

Foster D. Snell, Inc. Potential for Capacity Creation in the Hazardous
Waste Management Service Industry Florham Park, N J.: August 1976

GAO (U S General Accounting Office). Chemical Data. EPA’s Data Collec-
tion Practices and Procedures on Chemicals, GAO/RCED-86-63. Wash-
mgton, D.C February 1986.

——- Cleanming Up Hazardous Wastes: An Overview of Superfund
Reauthorization Issues, GAO/RCED-85-69. Washungton, D C.. March 1985

——- Efforts to Clean Up DOD-Owned Inactive Hazardous Waste Dis-
posal Sites, GAO/NSIAD-85-41. Washington, D C  April 1985

——- Environmental Protection Issues in the 1980's, CED-81-38 Wash-
mgton, D.C - December 1980

——-. EPA’s Inventory of Potential Hazardous Waste Sites Is Incomplete,
GAO/RCED-85-75 Washington, D C March 1985

——- EPA’s Preliminary Estimates of Future Hazardous Waste Cleanup
Costs Are Uncertain, GAO/RCED-84-152 Washington, D.C . May 1984,

—— Hazardous Waste Disposal Methods. Major Problems With Their
Use, CED-81-21 Washington, D C. Noveraber 1980

——- Hazardous Waste: DOD’s Efforts to Improve Management of Gen-

eration, Storage, and Disposal, GAO/NSIAD-86-60 Washington, D.C.. May
1986.

——- Hazardous Waste Facilities With Interim Status May Be Endan-
gering Public Health and the Environment, CED-81-158. Washington,
D C: September 1981.

——-. Hazardous Waste. Federal Agency Hazardous Waste Disposal at

Kettleman Hills, Califorma, GAO/RCED-86-50. Washington, D C.- December
1985

——- Hazardous Waste Federal Civil Agencies Slow to Comply With
Regulatory Requirements, GAO/RCED-86-76 Washington, D.C : May 1986.

——- Hazardous Waste Management Programs Will Not Be Effective.
Greater Efforts Are Needed, CED-79-14 Washington, D.C.. January 1979.

Page 37 GAO/PEMD-87-11BR Hazardous Waste: Uncertainties of Existing Data



Bibliography

Ga0 (U S General Accounting Office). Hazardous Waste' Review of
Selected Air Force Hazardous Waste Reports, GAO/NSIAD-86-68BR Wash-
ington, D.C : March 1986

——- Hazardous Waste Sites Pose Investigation, Evaluation, Scientific,
and Legal Problems, CED-81-57 Washington, DC Aprnl 1981.

——- How to hspose of Hazardous Waste—A Serious Question That
Needs to Be Resolved, CED-79-13 Washington, D.C December 1978

——- Illegal Disposal of Hazardous Waste Difficult to Detect or Deter,
GAO/RCED-85-2 Washington, D C.: February 1985

——- Information on Disposal Practices of Generators of Small Quanti-
ties of Hazardous Wastes, GAO/RCED-83-200 Washington, D C . Sep-
tember 1983

——-, Inspection, Enforcement, and Permitting Activities at New Jersey
and Tennessee Hazardous Waste Facilities, GA0/RCED-84-7 Washington,
D.C - June 1984

———-. Interim Report on Inspection, Enforcement, and Permitting Activ-
1hies at Hazardous Waste Facilities, GAO/RCED-83-241 Washington, D C
September 1983.

——- Siting of Hazardous Waste Landfills and Theiwr Correlation With
Racial and Economic Status of Surrounding Communities, GAO/RCED-83-
168 Washington, D C June 1983

——-. State Expenences With Taxes on Generators or Disposers of Haz-
ardous Waste, GAO/RCED-84-146 Washington, D C . May 1984.

——-. Status of Civilian Federal Agencies’ Efforts to Address Haz-
ardous Waste Problems on Their Lands, GAO/RCED-84-188 Washington,
D.C : September 1984

——- Superfund. Status of Superfund Management Information Sys-
tems, GAO/RCED-86-98FS Washington, D.C.: February 1986.

———- The Evaluation Synthesis, Institute for Program Evaluation
Methods Paper [ Washington, D C.- April 1983

Page 38 GAO/PEMD-87-11BR Hazardous Waste: Uncertainties of Existing Data



Bibliography

—— Waste Disposal Practices A Threat to Health and the Nation’'s
Water Supply, CED-78-120 Washington, D C June 1978

GCA Corporation Preliminary Source Assessment for Hazardous Waste
Air Emussions from Treatment, Storage and Disposal Facilities (TSDF's).
Bedford, Mass . February 1985,

Gould, Jay M Quality of Life in American Neighborhoods Levels of
Affluence, Toxic Waste, and Cancer Mortality in Residential Zip Code
Areas Boulder, Colo - Westview Press, Inc, 1986.

Greenberg, Michael R , and Richard F. Anderson. Hazardous Waste Sites-
The Credibility Gap New Brunswick, N.J. The Center for Policy
Research, 1984,

Grenfell, Admnenne Hazardous Waste Issues, Selected References, 1983-
1984. Washington, D C Congressional Research Service, January 1985

“Hazardous Waste Tally Keeps on Growing "’ The New York Times, Sep-
tember 4, 1983, p 16E

Hazardous Waste Treatment Council Petition for Rulemaking by the
Hazardous Waste Treatment Council for Adoption by EPA of Regulations
Allowing Expeditious Permitting of Portable Hazardous Waste Treat-
ment Units Under the Resource Conservation and Recovery Act Wash-
mgton, D C January 1986

Helsing, Lyse Duhamel ‘“‘Managing Hazardous Wastes 1985.” Chermcal
Week, 137 8 (August 21, 1985), 3-38.

“How Much Hazardous Waste”? Estimates Vary Widely.” The Hazardous
Waste Consultant, 2 2 (March-April 1984), 2-14 -2-17

ICF, Inc. Survey of Selected Firms 1n the Commercial Hazardous Waste
Management Industry 1984 Update Washington, D C - September 1985

JT&A, Inc. Summary of Public Comments on the Proposed Research
Permut for Incineration at Sea to U.S. Envircnmental Protection Agency
Washington, D C. Battelle, April 1986

Kiang, Yen-Hsiung, and Amir A. Metry Hazardous Waste Processing
Technology Ann Arbor, Mich Ann Arbor Science Publishers, Inc , 1982

Page 39 GAO/PEMD-87-11BR Hazardous Waste, Uncertainties of Existing Data



Bibliography

McCarthy, James Superfund. How Many Sites? How Much Money?
Washington, D.C - Congressional Research Service, February 1986

——, Donald V Feliciano, and Mark E Anthony Reisch Capacity to
Expand the Superfund Labs, Contractors, Qualified Personnel, and
Waste Management Washington, D.C Congressional Research Service,
Aprl 1985

National Research Councll Prospectus for an Evaluation of Critical
Aspects of the National Pollution Control Program Washington, D C .
1984

New England Congressional Institute Hazardous Waste Generation and
Management in New England. Washington, D C February 1986

“1986 Outlook for Commercial Hazardous Waste Management Facilities
A Nationwide Perspective " The Hazardous Waste Consultant, 4-2
{March-Apnril 1986), 4-1 - 4-6

“1986 State by State Qutlook for Commercial TSD Facilities ” The Haz-
ardous Waste Consultant, 42 (March-April 1986), 4-6 -4-12

Office of Technology Assessment Nonnuclear Industrial Hazardous
Waste, Classifying for Hazard Management—A Technical Memorandum
Washington, D.C November 1981

——- Superfund Strategy. Washington, D C April 1985

——-. Technologies and Management Strategies for Hazardous Waste
Control Washington, D C March 1983

——-. Technologies and Management Strategies for Hazardous Waste
Control Vol 2 Working Papers Part B. Application of Biotechnology to
Hazardous Waste Disposal Washington, D C Apnl 1983

——- Technologies and Management Strategies for Hazardous Waste
Control. Vol 2 Working Papers Part C Classification by Degree of
Hazard for Selected Industrnal Waste Streams Washington, D C - Apnl
1983

——— Technologies and Management Strategies for Hazardous Waste
Control Vol 2. Working Papers Part D Alternatives for Reducing End-
Product Substitution Washington, D C  April 1983

Page 40 GAO/PEMD-87-11BR Hazardous Waste. Uncertainties of Existing Data



Bibhiography

Quarles, John. Federal Regulation of Hazardous Wastes: A Guide to
RCRA. Washington, D C The Environmental Law Institute, 1982

Reisch, Mark E. Anthony. Superfund Reauthorization: Issues for the
99th Congress. Washington, D.C.: Congressional Research Service, Jan-
uary 1986

“Revised Hazardous Waste Estimates Provides New Insight Into Magni-
tude of Problem.” The Hazardous Waste Consultant, 2.4 (July-August
1984), 2-10 - 2-16

Rich, Laurie A “Drum Residue A $1 Billion Inch.” Chemical Week,
138.10 (March 5, 1986), 12-16

“Rolhns Questions the Need for Ocean Incineration.”’ The Hazardous
Waste Consultant, 3-4 (September-October 1985), 2-25 - 2-26

Sarokin, David J , and Warren R. Muir “Too Little Toxic-Waste Data.”
The New York Times, October 7, 1985, p. A31

Shabecoff, Philip. “Hazardous Waste Exceeds Estimates.” The New York
Times, August 31, 1983, pp. Al and A18

Tobin, Patrick M. Hearing Officer’'s Report on the Tentative Determina-
tion to Issue the Incineration-at-Sea Research Permut (HQ-85-001).
Washington, D.C : Environmental Protection Agency, May 1986.

Toxics Assessment Group. Nowhere to Go: The Unmiversal Failure of

Class I Hazardous Waste Dump Sites in Califorma. Sacramento, Calf..
June 1985

U S. Congress, House of Representatives. Department of Housing and
Urban Development—Independent Agencies Appropriations for 1978
Hearings Before a Subcommuittee of the Committee on Appropriations

Part 2, 95th Cong , 1st sess. Washington, D C. US Government Printing
Office, 1977.

———- Department of Housing and Urban Development—Independent
Agencies Appropnations for 1986. Hearings Before a Subcommittee of
the Committee on Appropriations Part 4, 99th Cong., 1st sess. Wash-
ington, D.C.- .S Government Printing Office, 1985.

Page 41 GAQ/PEMD-87-11BR Hazardous Waste. Uncertainties of Existing Data



Bibliography

(973214)

—— Hazardous Waste Control and Enforcement Act, HR 2867 (Part
1—Small Quantity Generators) Hearmng Before the Subcommittee on
Energy, Environment and Safety Issues Affecting Small Business of the
Committee on Small Business, 98th Cong , 1st sess Washington, D.C.:
U.S. Government Printing Office, 1983

——-, Hazardous Waste Control and Enforcement Act, HR 2867 (Part
2—Innovative Technologies) Hearing Before the Subcommittee on
Energy, Environment, and Safety Issues Affecting Small Business of the
Committee on Small Business, 98th Cong , 1st sess. Washington, D C

US Government Printing Office, 1984.

——-. Resource Conservation and Recovery Act of 1976. Hearings
Before the Subcommittee on Transportation and Commerce of the Com-
muttee on Interstate and Foreign Commerce, 94th Cong., 2nd sess. Wash-
mgton, D.C U.S Government Printing Office, 1976.

—— Waste Control Act of 1975. Hearings Before the Subcommuttee on
Transportation and Commerce of the Committee on Interstate and For-
eign Commerce, 94th Cong., 1st sess. Washington, D C.. US Government
Printing Office, 1975

U.S Congress, Senate. Ocean Incineration. Hearings Before the Subcom-
mittee on Environmental Pollution of the Committee on Environment
and Public Works, 99th Cong , 1st sess Washington, D.C - U S. Govern-
ment Printing Office, 1985.

——- The Need for a National Matenals Policy. Hearings Before the
Panel on Materals Policy of the Subcommittee on Environmental Pollu-
tion of the Commuttee of Public Works Part 2, 93rd Cong., 2nd sess
Washington, D C . U.S Government Printing Office, 1975

——-. The Need for a National Matenals Policy. Hearings Before the
Panel on Materials Policy of the Subcommittee on Environmental Pollu-
tion of the Committee on Public Works Part 3, 93rd Cong , 2nd sess
Washington, DC US Government Printing Office, 1975

Vajs, Kristin M. Hazardous Wastes. A Guide to Sources of Information.
Washington, D C Congressional Research Service, September 1983

Page 42 GAO/PEMD-87-11BR Hazardous Waste: Uncertainties of Existing Data



Requests for copies of GAO reports should be sent to
U.S General Accounting Office

Post Office Box 6015

Gaithersburg, Maryland 20877

Telephone 202-275-6241

The first five copies of each report are free. Additional copies are
$2 00 each.

There is a 25% discount on orders for 100 or more copies mailed to a
single address.

Orders must be prepaid by cash or by check or money order made out to
the Superintendent of Documents.








